Recent studies in Western nations have shown inverse associations between body mass index (BMI, measured as weight (kg)/height (m)
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Recent studies in Western nations have shown inverse associations between body mass index (BMI, measured as weight (kg)/height (m)
2 ) and suicide. However, it is uncertain whether the association is similar in non-Western settings, and the biologic pathways underlying the association are unclear. The authors investigated these issues in a cohort of 542,088 Taiwanese people 20 years of age or older who participated in a health check-up program (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) ; there were 573 suicides over a mean 8.1 years of follow up. There was a J-shaped association between BMI and suicide risk (P for the quadratic term ¼ 0.033) but limited evidence of a linear association (adjusted hazard ratio per 1-standard-deviation increase = 0.95 (95% confidence interval: 0.85, 1.06)); compared with individuals whose BMI was 18.5-22.9, adjusted hazard ratios for those with a BMI <18.5 or 35 were 1.56 (95% confidence interval: 1.07, 2.28) and 3.62 (95% confidence interval: 1.59, 8.22) , respectively. A high waist-to-hip ratio was associated with an increased risk of suicide. There was some evidence for a reverse J-shaped association of systolic blood pressure and high density lipoprotein cholesterol with suicide and an association of higher triglyceride level with increased suicide risk; these associations did not appear to mediate the associations of BMI and waist-to-hip ratio with suicide. body mass index; cholesterol; cohort studies; suicide; systolic blood pressure; Taiwan; triglycerides; waist-to-hip ratio Abbreviations: BMI, body mass index; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; PUFA, polyunsaturated fatty acid; SD, standard deviation.
An emerging body of research indicates that body mass index (BMI, measured as weight (kg)/height (m) 2 ), a measure of adiposity, is inversely associated with suicide risk. Greater BMI was been found to be related to a stepwise decreased risk of completed suicide in several large cohorts from Western nations, including the United Kingdom (1), Sweden (2), Norway (3, 4) , and the United States (5) (6) (7) (8) . Similar associations with attempted suicide have also been reported (9, 10) . These associations are found across the whole range of BMI and persist after controlling for potential confounding factors, such as socioeconomic position, smoking, and alcohol use. Such findings are intriguing because obesity has been associated with stigma (11) and increased risk of depression (12) , and depression is a well-established risk factor for suicide (13) . With the exception of one recent Chinese study (14) , analysis of the adiposity-suicide relation has generally been restricted to Western settings.
Biologic mechanisms underlying the association between low BMI and suicide might involve metabolic consequences of adiposity, such as insulin resistance, a syndrome that is associated with a high BMI and raised levels of insulin and fatty acids. Increased blood levels of fatty acids might raise levels of circulating tryptophan, which may in turn increase brain serotonin (15) , an important neurotransmitter associated with reduced impulsivity and suicidality (16) . Suicide risk has been found to decrease with increasing numbers of markers of insulin resistance, such as high BMI, high systolic blood pressure, and low high density lipoprotein cholesterol (HDL-C) level in one Finnish study (17) . It has also been postulated that the lower circulating cholesterol levels that result from a lower BMI could reduce cerebral serotonin levels (18) and thus predispose people to suicidal behaviors (19) . Although a number of studies have shown an association between suicide risk and a low blood cholesterol level, the findings have been inconsistent (20) .
To assess whether the association between adiposity and suicide is similar in non-Western settings and to determine the possible biologic pathways underlying the association, we investigated the risk of suicide in relation to a range of adiposity measures (BMI, waist circumstance, and waist-tohip ratio) and related physiologic or biochemical changes (systolic blood pressure and levels of fasting glucose, cholesterol, and triglycerides) in a large sample of Taiwanese adults.
MATERIALS AND METHODS

Participants
The study cohort consisted of 542,088 Taiwanese adults 20 years of age or older who participated in a large health check-up program run by a private company (MJ Health Management Institution, Taipei, Taiwan) from 1994 to 2008. Program participants underwent a series of physical examinations and biochemical tests conducted using standardized procedures, as described elsewhere (21) . Figure 1 is a flow chart of the participants included in the study. The final numbers of the subsamples for whom we had complete information on potential confounders and who were included in the multivariable analyses for 1) BMI, 2) waist circumference and waist-to-hip ratio, 3) systolic blood pressure, fasting glucose, total cholesterol and triglyceride, and 4) HDL-C and low density lipoprotein cholesterol (LDL-C) were 408,075 (75.3% of the total cohort), 345,357 (63.7%), 406,610 (75.0%), and 377,056 (69.6%), respectively.
Measurements of adiposity and related biologic factors
Participants were measured when they were barefoot and wearing light-weight clothes. Weight (to the nearest 0.1 kg) and height (to the nearest mm) were measured using an auto-anthropometer (KN-5000A, Nakamura, Tokyo, Japan). Waist circumference (to the nearest mm) was measured at the midpoint between the lower end of the rib cage and the crest of the ilium. Hip circumference (to the nearest mm) was measured around the pelvis at the point of maximal protrusion of the buttocks. Blood pressure in the right arm was measured twice at 10-minute intervals, with the participants seated after a 5-minute rest, using a computerized auto-mercury sphygmomanometer (CH-5000, Citizen, Tokyo, Japan); the mean of the 2 measurements was used for the analysis. Fasting (overnight) blood was collected for the measurement of glucose, total cholesterol, HDL-C, LDL-C, and triglyceride levels using the Hitachi 7150 auto-analyzer (Hitachi Ltd., Tokyo, Japan). Study participants provided written consent after reading a complete description of the use of data collected from the health check-up for research. The study was approved by the National Health Research Institutes, Taipei, Taiwan, and the MJ Health Management Institution. . Starting in 1996, the program included a self-completed questionnaire used to collect baseline information on sociodemographic and health-related factors. From 1998 on, the questionnaire also included questions on the use of medications, including psychotropic drugs. Subsamples of the participants were used in the sex-and age-adjusted analyses (top row), main multivariable analyses (middle row), and sensitivity analyses additionally controlled for psychotropic drug use (bottom row).
Ascertainment of suicide deaths
Suicide deaths that occurred from the date of recruitment to December 31, 2008 , were identified through linkage with Taiwan's national cause-of-death register, using the International Classification of Diseases, Ninth Revision, codes E950-E959. Previous research indicates that, in keeping with findings seen in Western nations, many Taiwanese deaths coded as undetermined intent (E980-E989), accidental pesticide poisoning (E863), and accidental suffocation (E913) are likely to be misclassified suicides (22) . We therefore included these deaths in our definition of suicide. In a sensitivity analysis, we included only certified suicides that were coded as E950-E959. 
Statistical analysis
Sex-specific z scores for adiposity measures (BMI, waist circumstance, and waist-to-hip ratio), systolic blood pressure, and biochemical levels (fasting glucose, total cholesterol, HDL-C, LDL-C, and triglycerides) were calculated as the number of standard deviations above (positive values) or below (negative values) the mean. BMI was also categorized into 7 groups according to the World Health Organization criteria (23) , with additional cut-off points proposed for Asian populations (24) (underweight: <18.5; normal weight: 18.5-22.9 and 23.0-24.9; overweight: 25.0-26.9 and 27.0-29.9; grade I obesity: 30.0-34.9; and grade II and III obesity: 35), and other risk factors were categorized into quintiles.
Cox proportional hazards models were used to investigate the association of adiposity and associated risk factors with suicide. Time of entry was the date of recruitment; time of exit was December 31, 2008, associations between adiposity measures (body mass index, waist circumference, and waist-to-hip ratio) and suicide (i.e., tests of linear trends), derived by including these adiposity measures as continuous variables (i.e., using their z scores) in the models.
d P value of likelihood ratio test comparing the goodness-of-fit of models with and without the quadratic term of the continuous z score. A small P value indicates a quadratic relation. We initially controlled for sex and age using the full sample. To test whether the associations differed by sex or age, we included interaction terms in the models. To investigate evidence of nonlinear associations, we performed likelihood ratio tests comparing models with and without the quadratic terms for z scores of the variables being investigated. We used multivariable models to investigate the effect on the association of simultaneously controlling for sex, age, marital status (single, married, divorced or separated, or widowed), educational level (middle school or below, high school, junior college, or college or higher), smoking (never, former, or current), alcohol use (no or occasional use, former use, or current regular use), physical activity level (inactive, low, moderate, or high), history of diabetes, and history of cancer. Information on these potential confounders was obtained from the baseline questionnaires completed by participants.
Severe mental illness and use of psychotropic drugs are associated with both suicide risk and weight loss/gain or metabolic abnormalities (e.g., high lipid levels) (25) . To assess their possible impact on the associations between our exposures and suicide, we conducted 2 sensitivity analyses. First, in the subset of participants for whom we had data on medication use, we controlled for the use of psychotropic drugs in multivariable models. Second, in keeping with previous studies (2, 3), we excluded all suicides that occurred in the first 2 years of follow-up, as BMI in these participants was more likely to have been influenced by any preexisting severe mental illness at baseline. All analyses were conducted using SAS software, version 9.1 (SAS Institute, Inc., Cary, North Carolina).
RESULTS
Participant characteristics
In the total cohort of 542,088 participants, we identified 573 people who died from certified or possible suicides (455 (79.4%) certified suicides, 104 (18.2%) deaths of undetermined intent, 9 (1.6%) accidental deaths by pesticide poisoning, and 5 (0.9%) accidental deaths by suffocation) over an average 8.1-year follow-up period. The crude suicide rates were 16.2 and 10.4 per 100,000 person-years for men and women, respectively. The mean age at baseline was 41.2 years for men and 41.1 years for women.
At baseline, the mean BMI was 23.9 (standard deviation (SD), 3.4) for men and 22.1 (SD, 3.6) for women; corresponding figures for waist circumference and waist-to-hip ratio were 82.3 cm (SD, 9.2) and 0.86 cm (SD, 0.07) for men and 71.6 cm (SD, 8.9) and 0.77 cm (SD, 0.06) for women. Overweight and obesity were more common in men than in women. The proportions of men who were underweight, normal, overweight, and obese were 4.1%, 61.9%, 29.8%, and 4.3%, respectively; the corresponding figures for women were 12.0%, 66.7%, 17.7%, and 3.6%, respectively.
Compared with participants for whom we did not have information on sociodemographic and health-related factors, the 408,075 participants (356 certified or possible suicides) for whom we had these data were slightly younger (40.3 vs. 43.3 years of age) and more likely to be male (49.4% versus 42.2%). Characteristics of the 408,075 participants are shown in Table 1 . Underweight subjects and very obese men were younger than persons in other BMI categories. Individuals with high BMIs were more likely to have lower educational levels (women) and diabetes than were persons with lower BMIs. The proportions of individuals who were current smokers, unmarried, or physically inactive were highest at both the high and low extremes of the BMI distributions. The prevalence of current smoking was high in male participants (40.6%) but low in female participants (6.7%). High BMI was associated with higher blood pressure and higher levels of fasting glucose, total cholesterol, LDL-C, and triglycerides but lower levels of HDL-C.
BMI and suicide
In sex-and age-adjusted models based on data for the total cohort, there was little evidence of a linear association between BMI z score and suicide risk (per 1-SD increase, hazard ratio (HR) ¼ 0.94, 95% confidence interval (CI): 0.86, 1.02) ( Table 2 ). There was evidence of a quadratic relation (P for likelihood ratio test ¼ 0.033) that was in keeping with the finding of an increased risk of suicide in both underweight and extremely obese subjects (Table 2 ). There was no evidence of sex or age differences in associations between BMI and suicide (both P values for interaction > 0.10); in age-adjusted models, the hazard ratios for suicide per 1-standard-deviation increase in BMI were 0.98 (95% CI: 0.87, 1.10) for men and 0.88 (95% CI: 0.77, 1.03) for women.
Associations were very similar in the subsample of participants for whom we had information on confounders (Table 2 ). In separate sex-and age-adjusted analyses, both current smoking (HR ¼ 2.16, 95% CI: 1.69, 2.76) and regular drinking (HR ¼ 1.78, 95% CI: 1.30, 2.43) were associated with an increased risk of suicide, but there was no strong evidence of interactions between these variables and BMI in relation to suicide risk (both P values for interaction > 0.10). Fully adjusted analyses stratified by smoking or drinking status showed somewhat weak evidence of an inverse association between BMI and suicide in smokers (HR ¼ 0.87, 95% CI: 0.73, 1.04) but not in nonsmokers or former smokers (HR ¼ 1.01, 95% CI: 0.87, 1.17); there was no strong evidence for a linear association in regular drinkers (HR ¼ 0.94, 95% CI: 0.69, 1.27) or nondrinkers, occasional drinkers, or former drinkers (HR ¼ 0.94, 95% CI: 0.84, 1.06).
In the subsample of participants for whom we had information on psychotropic drug use, sex-and age-adjusted analyses showed a strong association between this variable and suicide risk (HR ¼ 13.79, 95% CI: 8.43, 22.55); after further controlling for the use of psychotropic drugs, there was still limited evidence of a linear association between BMI and suicide (HR ¼ 0.92, 95% CI: 0.78, 1.07). Results were similar when we excluded all suicides that occurred in the first 2 years after baseline measurements and when we restricted analyses to certified suicides only (data not shown).
Waist circumference, waist-to-hip ratio, and suicide Waist circumference was not associated with risk of suicide; there was no evidence of an association in the total sample or the subsample of participants for whom we had full information on sociodemographic and health-related c P value for the linear associations between biologic markers (systolic blood pressure and levels of fasting glucose, total cholesterol, triglycerides, HDL cholesterol, and LDL cholesterol) and suicide (i.e., tests of linear trends), derived by including these biologic markers as continuous variables (i.e., using their z scores) in the models.
d P value of likelihood ratio test comparing the goodness of fit of models with and without the quadratic term of the continuous z score. A small P value indicates quadratic relationship. e The quintiles of fasting glucose for males were 90, 91-94, 95-99, 100-105, and >105 mg/dL and the quintiles for women were 87, 88-91, 92-95, 96-101, and >101 mg/dL. f The quintiles of total cholesterol for men were 163, 164-182, 183-200, 201-223, and >223 mg/dL and the quintiles for women were 160, 161-178, 179-196, 197-220, and >220 mg/ dL.
g The quintiles of triglycerides for men were 71, 72-95, 96-126, 127-179, and >179 mg/dL and the quintiles for women were 54, 55-70, 71-90, 91-128, and >128 mg/dL. h The quintiles of HDL cholesterol for men were 36, 37-42, 43-48, 49-56, and >56 mg/dL and the quintiles for women were 43, 44-51, 52-59, 60-69, and >69 mg/dL. i The quintiles of LDL cholesterol for men were 96, 97-113, 114-129, 130-149, and >149 mg/dL and the quintiles for women were 89, 90-105, 106-121, 122-142, and >142 mg/dL.
variables (Table 2) . A larger waist-to-hip ratio was associated with a higher suicide risk. In sex-and age-adjusted models based on the total cohort, the hazard ratio per 1-standard-deviation increase in waist-to-hip ratio was 1.04 (95% CI: 1.01, 1.07). This association did not differ by sex, age, smoking status, or drinking status (all P values for interaction > 0.10). When we examined the associations by quintile, there appeared to be a threshold effect, with suicide risk only clearly increasing in persons in the top 2 quintiles, and statistical evidence for a curvilinear association (P for likelihood ratio test comparing the model with a quadratic term with the model without ¼ 0.018). Results were similar in the subset of participants for whom we had full information on confounders. The results remained unchanged in sensitivity analyses that were further adjusted for psychotropic drug use or that excluded all suicides that occurred in the first 2 years of follow-up, as well as in analyses based on certified suicides only (data not shown).
Biologic factors related to adiposity and suicide
There was no evidence of a linear association between suicide risk and systolic blood pressure (Table 3) , although there was evidence of a quadratic relation (P for likelihood ratio test ¼ 0.005), with increased risk toward the extremes of systolic blood pressure distributions (a reverse J-shaped association). Fasting glucose was not associated with suicide risk in the total sample after adjustment for sex and age; in the subsample of participants for whom we had information on confounders, there was weak evidence for an association between higher glucose levels and lower suicide risk (per 1-SD increase, fully adjusted HR ¼ 0.90, 95% CI: 0.80, 1.03). In the total cohort, there was some evidence of a reduced suicide risk in participants in the middle quintile of the total cholesterol levels compared with persons in the lowest quintile; there was little evidence of a linear or quadratic relation between suicide risk and total cholesterol level in the subsample. There was some evidence for a quadratic relation between HDL-C and suicide (P for likelihood ratio test ¼ 0.039 (total sample)), with increased suicide risk towards the 2 ends of the HDL-C distribution. There was limited evidence of an association between LDL-C and suicide risk.
In the sex-and age-adjusted model for the total sample, a higher triglyceride level was associated with greater suicide risk (per 1-SD increase, HR ¼ 1.08, 95% CI: 1.03, 1.13). When the sample was restricted to participants for whom we had information on potential confounders, this association was similar in the sex-and age-adjusted model but was somewhat attenuated after adjustment for potential confounders (HR ¼ 1.06, 95% CI: 0.99, 1.13). In a sensitivity analysis that was further controlled for psychotropic drug use, the association was similar (HR ¼ 1.07, 95% CI: 0.98, 1.17). Individuals in the highest quintile of triglyceride level had a 28%-44% increased risk of suicide compared with persons in the lowest quintile.
When assessing the impact of controlling for systolic blood pressure, HDL-C level, and triglyceride level because of the evidence of their associations with suicide, we found similar associations between BMI/waist-to-hip ratio and suicide when controlling for each of the 3 biologic markers (data not shown).
DISCUSSION
In contrast to the linear inverse association between BMI and suicide seen in several Western cohorts (1-8), we found only limited evidence of such a relation in this Taiwanese study. Suicide risks were increased in both underweight and extremely obese individuals. There was also evidence of quadratic relations of systolic blood pressure and HDL-C with suicide. Higher waist-to-hip ratios and triglyceride levels were both associated with a higher risk of suicide, but lower levels of these 2 exposures were not related to greater suicide risk. The associations of systolic blood pressure, HDL-C, and triglycerides with suicide did not appear to mediate the associations of BMI and waist-to-hip ratio with suicide. We found limited evidence that waist circumference, fasting glucose level, total cholesterol level, or LDL-C level was associated with suicide.
Strengths and limitations
To the best of our knowledge, the present study is the first large cohort study in which the association of a range of adiposity measures and related biologic markers with risk of suicide was investigated in a non-Western setting. Anthropometric data were measured using standardized procedures as part of a comprehensive health check. The study has several limitations. First, the associations could have been confounded by unmeasured factors; for example, we had no detailed information on psychiatric morbidity (e.g., depression), although associations were similar in models that controlled for a proxy indicator of psychiatric disorders (i.e., psychotropic drug use). Second, adiposity and related biologic markers were measured once only at the baseline assessment. Repeated measures of these factors and psychiatric morbidity may have provided further information on their relations with suicide. Third, the cohort was derived from a privately run health check-up program. However, the prevalence rates of obesity and other characteristics, such as smoking, in this cohort were similar to those shown in a national survey in 2000-2001 (26, 27) , although suicide rates in this cohort were slightly lower than those for Taiwan's overall population (8.4 versus 11.9 per 100,000 (age-standardized rates)) (28) .
Association of adiposity with suicide
We found an increased risk of suicide in both underweight and extremely obese individuals. A recent study of British male government employees also showed an increased suicide risk in obese men (BMI 30) (29), although evidence for an increased suicide risk in individuals with obesity/ extreme obesity remains to be firmly established because there were few suicides in the obese in the British study (n ¼ 6) or the very obese group in our study (n ¼ 6). Unlike several large cohort studies in Western countries (1-8), we did not find that suicide risk decreased linearly from a low BMI to a high BMI, although the 95% confidence interval estimates of the association with BMI from our study overlapped those reported in previous research. In one Norwegian cohort, the hazard ratio for suicide was estimated to be 0.82 (95% CI: 0.68, 0.98) per 1-standard-deviation increase in BMI (3), whereas our estimate based on the total cohort was 0.94 (95% CI: 0.86, 1.02).
It is possible that the obesity-suicide association differs in Western and non-Western settings, although a recent cohort study of 170,000 Chinese adults found some evidence of an inverse association between BMI and suicide (14) . If our study findings do signal a difference in associations in Asian versus Western settings, possible explanations include differing cultural attitudes toward body size and dietary differences. In traditional Chinese culture, thinness is associated with poverty, misfortune, and poor health, whereas a certain degree of ''fullness'' symbolizes prosperity and longevity (30) ; this contrasts with the Western pattern of attitudes towards body size. One dietary factor, polyunsaturated fatty acids (PUFAs), has been linked to a decreased risk of depression and suicidal ideation (31) , and a recent study showed that the Taiwanese population had the highest percentage (percentage of total dietary energy intake) of PUFAs among 28 countries investigated (32) . However, one US study found that the inverse association of BMI with suicide persisted after controlling for intake of dietary omega-3 fatty acids, an important type of PUFA (7) .
Our finding that a higher waist-to-hip ratio was associated with a greater suicide risk differed from 1 previous US study that found weak evidence for a higher suicide risk in men with lower values of self-reported waist-to-hip ratios (7) . In the absence of other studies of this association, it remains unclear what the true association between waist-to-hip ratio and suicide risk is.
Association of biologic markers of adiposity with suicide
In general, beyond studies of the associations between BMI or cholesterol and suicide, there have been few studies that investigated other markers of adiposity or adiposityrelated mediators in relation to suicide risk. Of the range of potential mediators that we examined, only 3 were related to suicide risk (systolic blood pressure and HDL-C level with a reverse J-shaped association and triglyceride with a positive association), but controlling for these factors in multivariable models indicated that they did not mediate associations between adiposity and suicide. Findings from previous studies of the relation between blood pressure and suicide were inconsistent (17, (33) (34) (35) . To our knowledge, no previous study has investigated the association between triglycerides and the risk of suicide; the few studies that have examined the association between triglycerides and suicide attempts have produced inconsistent findings (36) (37) (38) (39) (40) . Our finding that fasting glucose was not associated with suicide risk was consistent with one previous study (33) .
Possible explanations for associations
This association between being underweight and suicide risk might be confounded by psychopathology, such as anorexia nervosa, that is related to both low body weight and increased risk of suicide (41) . As discussed earlier, it is also possible that physiologic changes associated with low body weight, including low levels of circulating fatty acids, might influence an individual's neurotransmitter levels, and these may in turn affect impulsivity and suicide risk (17), but we found no evidence that lower levels of fasting glucose, cholesterol, or triglycerides were associated with increased risk. Indeed, higher triglyceride levels were associated with increased suicide risk.
Increased abdominal fat, indicated by high waist-to-hip ratios, has been found to be associated with heightened cortisol levels in response to stress (42) and depressive symptoms (43) , and it may lead to increased suicide risk. Alternatively, use of certain psychotropic drugs (e.g., some antipsychotics) may result in greater waist-to-hip ratios (44) and explain an association with suicide. However, our results remained unchanged when we controlled for psychotropic drug use.
As mentioned earlier, one biologic factor that may contribute to the association of high triglyceride with increased suicide risk is dietary PUFAs, which have been found to be associated with both reduced triglyceride levels (45) and reduced risk of suicidal ideation (31) . Another possible underlying mechanism is hyperactivity of the hypothalamicpituitary-adrenocortical axis; an increased circulating cortisol level has been linked to both hypertriglyceridemia (46) and depression (47) , although its other related physiologic effects, such as hypercholesterolemia and hypertension, were not found to be associated with suicide risk in our study.
Implications
The present study indicates that associations of adiposity with suicide risk may differ between Asian and Western populations. A better understanding of the complex interactions among adiposity, its related biologic factors, and suicide may pave the way to new findings about the causes of suicide and, possibly, novel targets for intervention and drug development.
